High blood pressure is an increasingly problematic public health concern in many developing countries due to the associated cardiovascular and renal complications. This study set out to investigate the drivers of blood pressure among urban and rural women using the 2014 Ghana Demographic and Health Survey data. Diastolic blood pressure (DBP) and systolic blood pressure (SBP) were the outcomes of interest. Our findings showed that body mass index (BMI) had a significant positive effect on DBP and SBP in both urban and rural settings, with the largest effect occurring among women in the 75 th quantile. Arm circumference also had a positive effect on DBP and SBP across all quantiles in both settings. Age had an increasing positive effect along the entire conditional DBP and SBP distribution in both settings. Women who were pregnant had lower DBP and SBP relative to those who were not pregnant in both settings. These results highlight the important drivers of DBP and SBP, and the differential effects of these drivers on blood pressure (BP) among women in urban and rural settings. To increase their effectiveness, interventions to address high BP should take into account these differential effects.
. This is particularly the case owing to their contribution to the incidence of cardiovascular disease (CVD). A number of studies have found significant and linear relationships between SBP and DBP levels, and CVD morbidity and mortality 4, 5 . Analysis of longitudinal data spanning 20 years confirms that SBP and DBP have continuous, graded, strong, independent, etiologically significant relationships to blood pressure-related risks, primarily incidence and mortality from coronary heart disease, stroke, and all CVDs 6 . These relationships were documented for young, middle-aged, and older men and women of varying socioeconomic backgrounds and ethnicities 6 , suggesting that the consequences of high DBP and SBP cut across all ages. Analysis of data from several national and regional surveys shows that diastolic and systolic hypertension is becoming more common in developing countries compared to developed countries 7, 8 . It is estimated that by 2025, almost three-quarters of people with hypertension will be living in developing countries 8 . This high prevalence, coupled with poor hypertension management are important factors in the rising epidemic of CVDs in developing countries 7 . Ghana, the focus of this study, has recently been classified among countries in the developing world with a high prevalence of diastolic and systolic hypertension 7 . Both urban and rural populations bear the brunt of a surge in hypertension, though the problem tends to be more serious among urban dwellers compared to their rural counterparts 9, 10 . It is therefore imperative that we understand the drivers, both modifiable and non-modifiable, that contribute to increased diastolic and systolic hypertension in Ghana.
Several studies have observed that BMI is consistently and independently associated with DBP and SBP in women 9, [11] [12] [13] [14] [15] [16] . Kristjansson and colleagues 15 observed that increases in BMI were associated with increases in DBP and SBP among urban women. A longitudinal analysis of the incidence of hypertension, revealed that a positive change in BMI was a significant predictor of hypertension, independent of other factors 15 . Further, overweight or obese individuals had higher odds of hypertension than those with normal BMI 17 . Consequently, most obese . Granted the variety and high number of drivers of DBP and SBP, investigation of these associations in developing countries, in the context of increasing incidence of CVD, is warranted.
The studies reviewed above either focus on urban areas, rural areas, or both. This may obscure commonalities and differences between urban and rural settings concerning the effects of the drivers of DBP and SBP. Understanding rural-urban differences might provide clues as to the most appropriate interventions to address the incidence of high BP in the two settings. Additionally, little is known about the differential effects of these drivers on DBP and SBP. This is partly due to methodological limitations. For example, studies mostly used either ordinary least squares (OLS) or logistic regression. These methods are popular in epidemiological studies but can only detect the average effect of the predictors on the outcomes; thereby, masking the conditional variations in the effects along the entire distribution of the outcome variable. The present study contributes to the existing literature by using quantile regression (QR) to examine the effects of the drivers along the entire distribution of the DBP and SBP in urban and rural settings. Findings from QR analysis provide a promising avenue to identify more vulnerable groups and devise more effective interventions for those at highest risk in urban and rural settings.
Methodology
Data sources and participants. The study used data from 2014 Ghana Demographic and Health Survey (GDHS) 27 . The survey was implemented by Ghana Statistical Service (GSS) and Ghana Health Service (GHS), with technical support from ICF International, USA. GDHS employs a two-stage probabilistic sampling design to select clusters, aimed to allow estimates of key indicators at national level, as well as for urban and rural areas in each of the 10 administrative regions in Ghana. The first stage involves selection of sample points (clusters) consisting of enumeration areas (EAs) from a master sampling frame constructed from the 2010 national population and housing census. A total of 427 clusters were selected, 216 in urban areas and 211 in rural areas 28 . The sampling frame excludes nomadic and institutional populations such as persons in hotels, barracks, and prisons 28 . The second stage involves a systematic selection of households within selected clusters. A household listing operation is then undertaken in all the selected EAs, and households to be included in the survey are randomly selected from the list. All women aged 15-49 in the selected households were eligible to be interviewed and have their blood pressure measured.
The household response rate was 99%, 98% for urban and 99% for rural. The response rate among eligible women was 97% and 98% in urban and rural settings respectively. The 2014 GDHS incorporated several biomarkers: blood pressure measurement, anthropometry, anaemia testing, and HIV testing. The present study focuses on the blood pressure (BP) measurements. The total eligible participants were 9,396; those with complete systolic and diastolic blood pressure data and used in the analysis was 9,352 (99.5%): 4,776 rural and 4,576 urban women respectively.
Ethical considerations. The GDHS protocol, including biomarker collection, was reviewed and approved by the Ghana Health Service Ethical Review Committee and the Institutional Review Board of ICF International, USA. Written informed consent was obtained from participants before the survey. The GDHS team made sure that the biomarker results were made available to study participants. For example, the team made available results of BP measurements as well as information about the symptoms of high BP and ways in which it can be prevented through a BP reporting form. The DHS Program, USA, granted the authors permission to use the data. The data are completely anonymous; therefore the authors did not seek further ethical clearance.
Measurements
Outcomes. During the DHS individual interviews, three blood pressure measurements were taken from consenting women aged 15-49 in the selected households. Blood pressure was measured using the LIFE SOURCE ® UA-767 Plus blood pressure monitor, a digital oscillometric blood pressure measuring device with automatic upper-arm inflation and automatic pressure release. Measurements were taken at intervals of 10 minutes or more 28 . For this analysis, the average of all the three measurements were used to create the systolic blood pressure (SBP) and diastolic blood pressure (DBP) variables 29, 30 . Because QR was chosen as the analytical strategy, the two response variables were used in the analysis as continuous variables.
Explanatory variables.
The explanatory variables were classified into modifiable and non-modifiable factors. The modifiable factors included body mass index (BMI), number of years of education, salt intake (ate salted dried fish/koobi/kako added to food in the last 24 hours-yes/no), employment status (currently working-yes/ no), fruits and vegetables consumption, arm circumference, exercise (exercised in the past 10 minutes-yes/no), pregnancy status (currently pregnant-yes/no or not sure), parity, breastfeeding (currently breastfeeding-yes/ no), household wealth and household size. The wealth index in the DHS data set was created based on assets ownership and housing characteristics of each household: type of roofing, and flooring material, drinking water, sanitation facilities, ownership of television, bicycle and motorcycle, among others. Principal component analysis was employed to assign weights to each asset in each household. The asset scores were then summed up and individuals ranked according to the household score. The wealth index was then divided into quintiles: poorest, poorer, middle, richer and richest. The BMI was derived by dividing weight in kilograms by the square of height in meters. The weight measurements were undertaken using electronic Seca scales with a digital screen, which was designed and produced under the guidance of UNICEF. Height measurements were obtained using stadiometer. The AC measurement was taken from the mid-upper arm of the study participants using a graduated measuring tape. Age was the only non-modifiable factor included in the analysis. The potential drivers of women BP as outlined above were identified in the literature and subjected to bivariate analysis to establish which variables were significantly related to the BP measures. All significant variables in bivariate analyses were included in the multivariate analysis. Additionally, variables that were not significant but were considered critical by the researchers were included in the analysis. Such variables included, education, salt intake, and fruits and vegetables consumption.
Analytical approach
We used quantile regression (QR) 31 to estimate the effects of putative factors on systolic and diastolic blood pressure. The QR was introduced by Koenker 32, 33 . We chose QR over OLS regression to examine the effects of the predictor variables at different points of conditional distribution of the outcome variables (SBP and DBP). This cannot be done with OLS, because standard OLS regression techniques summarize the average relationship between a set of regressors and the outcome variable based on the conditional mean function E (y|x). This provides only a partial view of the relationship, as we might be interested in describing the relationship at different points in the conditional distribution of y. Thus, the QR unlike OLS provides a more complete view of the effect of the explanatory variables on the outcome. Therefore it is possible to identify which groups are more vulnerable and need intervening.
The QR analysies were stratified by place of residence (urban-rural) to aid in understanding the drivers in the two settings. For QR estimates, since the study was interested in all potential drivers of BP, independent variables, including (BMI), number of years of education, age in years, salted dried fish and fruits consumption, employment status, arm circumference, exercise status, pregnancy status, parity, breastfeeding status, household wealth and household size were included in the models at the same time. Since we were also interested in the differences between OLS and QR estimates, the OLS results were generated.
Results
Descriptive analysis of the characteristics of the sample. Table 1 presents the characteristics of the urban and rural samples used in the analysis. The results showed that the mean DBP and SBP were higher among women in the urban compared to women in rural settings. The BMI of urban women was also higher than the BMI of rural women (26.03 ± 5.79 vs. 23.58 ± 4.34). A similar trend was observed with AC. Parity was higher among rural women relative to urban women (2.84 ± 2.59 vs.1.94 ± 2.10), and consequently, household sizes were bigger in the rural settings. Urban women had more years of education (8.37 ± 4.17 vs.5.49 ± 4.28). Mean ages for women in the rural and urban settings were fairly similar (30.02 ± 9.37 vs 29 ± 9.85).
Multivariate analysis of the rural sample. Tables 2 and 3 present the results of modifiable and non-modifiable drivers of DBP and SBP in rural settings respectively. OLS estimates indicated a strong positive effect of BMI, age, and AC on DBP and SBP. However, there was an inverse relationship between DBP and SBP and parity, pregnancy, and breastfeeding status. Table 3 . Multivariate quantile regression analysis of drivers of systolic blood pressure among rural women. Standard errors in parentheses; Q = Quantile; OLS = ordinary least square. *p < 0.05 **p < 0.01 ***p < 0.001. quantile of the conditional DBP and SBP distribution in urban settings and DBP in rural settings. These findings suggest that women at the 75 th quantile and who are likely to be at risk of high blood pressure may benefit more from the reduction of women BMI than those in the lower end of the distribution. Differences in the effects of BMI on women DBP and SBP are contrary to OLS results, which misleadingly indicated that BMI had significant positive effect on blood pressure of all women in urban and rural settings respectively. Arm circumference also had a strong positive effect on DBP and SBP across all quantiles in urban and rural settings. This suggests that anthropometry plays a critical role in driving women BP.
These findings are in line with previous research. A study conducted in Africa and Asia observed a positive association between BMI, and DBP and SBP, and the risk of hypertension was high among population groups with higher BMI 13 . Studies in Ghana also documented BMI as an independent predictor of SBP and SBP 9, 11, 34 . BMI was independently associated with BP in rural and urban settings in Ghana 34 . The limitation of the above studies is that they all investigated the average effect of BMI on women systolic and diastolic BP. It is therefore important to point out that the findings of these studies are consistent with OLS results obtained in the present Table 4 . Multivariate quantile regression analysis of drivers of diastolic blood pressure among urban women. Standard errors in parentheses; Q = Quantile; OLS = ordinary least square. *p < 0.05 **p < 0.01 ***p < 0.001.
SCieNtifiC RepORts | (2018) 8:8515 | DOI:10.1038/s41598-018-26991-4 study but only partly consistent with the QR results, as the QR results show differential effects of BMI along the conditional DBP and SBP distributions. Along with previous research, findings from the present study clearly indicate the important contribution of BMI to blood pressure among women. Interventions to address BMI might have a positive effect on blood pressure. Age is another important driver of DBP and SBP among urban and rural women in Ghana. Our results show that age is significantly and positively associated with DBP and SBP in Ghana. The effect increases along the entire conditional distribution of the DBP and SBP in urban settings. This suggests that younger women (at lower tail of distribution) experienced the least effect, while older women (at upper tail of the distribution) experienced the largest effect. However, in rural settings, increasing effects of age along the entire distribution of women BP was limited to DBP, while age was associated with increase in SBP at 25 th , 50 th , 75 th and 90 th quantiles. Like urban settings, the largest effect of age on rural women's DBP and SBP was at the upper tail (90 th ) of the conditional distribution of the two outcomes. This suggests that effects of age on DBP and SBP accrue disproportionately to women in the upper tail of the conditional DBP and SBP distributions, and who are at higher risks of hypertension. The analysis clearly show that as age increases, blood pressure also increases, irrespective of whether one lives in urban or rural settings. This is not unexpected since age is a non-modifiable factor and not affected by the environmental changes. However, the OLS results show that age had a strong effect, with DBP and SBP increasing equally with age for all women, which paints just a part of the picture and can be misleading. The findings of our studies are similar to findings of other studies in the literature. Several studies using either logistic regression or OLS have shown that age associates positively with DBP and SBP in women 2,3,9,11,15,35 . In Ghana, age was independently associated with DBP and SBP in women 9, 11 . Another study revealed that BP increased significantly with increasing age in both rural and urban populations 3 . The literature together with the present study illuminated the importance of age as a driver of BP among women in urban and rural settings.
Unexpectedly, being pregnant was inversely associated with women systolic and diastolic BP in both urban and rural settings and across all quantiles. Women who were pregnant at the time of the survey tended to have lower DBP and SBP compared to those that were not. The largest effect in both outcomes is at the lowest quantile (5 th ). This is contrary to belief, supported by some studies, that pregnancy induces high BP 36, 37 . For example, a recent study showed that mean DBP and SBP levels were consistently higher during the first pregnancy at comparable weeks of gestation, significantly so during the third trimester 36 . However, another study suggested that whether pregnancy will induce high BP or not depended to a large extend on maternal pre-gestation BMI: a positive association was reported between maternal pre-gestational BMI and mean systolic and diastolic blood pressure 38 . It is important to note that some other studies have observed an inverse relationship between pregnancy and BP at certain stages of the pregnancy. Iwasaki and colleagues 39 observed that women with high initial blood pressure tended to exhibit a fall in blood pressure, whereas women with low initial blood pressure tended to exhibit a large increase in blood pressure during pregnancy 39 . A study in Nigeria pointed to a decline in blood pressure levels during the mid-trimester of pregnancy with a progressive increase towards term 40 . This mixed findings from the literature together with our findings suggest that the association between pregnancy and women BP is not consistent.
Our analysis also showed that women who were breastfeeding and lived in rural settings tended to have lower BP relative to those who were not breastfeeding. The negative effect of breastfeeding on BP occurred at three quantiles each for DBP ( th quantiles. Thus, women who were breastfeeding and at these quantiles were likely to have lower SBP relative to those who were not breastfeeding. The findings confirm the widely recognized benefits of breastfeeding for improved health and developmental outcomes in mothers and their infants [41] [42] [43] . The implication of this may be that interventions to promote breastfeeding may also impact BP risk in women at the upper end of the conditional BP distribution. However, the OLS results show that breastfeeding status had a strong inverse effect on BP for all women in the sample who were breastfeeding. This is somewhat misleading, as differential effects have been observed. Relating the results of the present study to what is in the literature, one can observe some similarities. A study showed that breastfeeding resulted in lower SBP in mothers, especially at one month postpartum compared with those using other feeding modes 44 . Another study showed that both systolic and diastolic BP fell during a breastfeeding session, and pre-breastfeeding BP decreased during at least the first 6 months of a breastfeeding period in a homelike environment 41 . These studies together with the present study lend further support to the health-promoting effects of breastfeeding.
Strengths and limitations.
An important strength of the analyses is the use of large nationally representative data, thereby providing more robust estimates of observed associations. Additionally, the DBP and SBP were objectively measured, reducing possible recall bias and misclassification. The use of quantile regression in the analysis is also an important methodological strength of the paper, as previous research mostly relied on OLS, which may have misleading results. Quantile regression estimates allow for a more comprehensive picture of the effects of the factors that drive DBP and SBP. The OLS techniques summarize the average relationship between a set of regressors and the outcome variable based on the conditional mean function 31, 45 , which provides only a partial view of the relationship, since we might be interested in describing the relationship at different points in the conditional distribution of the outcome variable. QR provided more detailed insights beyond the measures of central tendency (mean) and detects sources of considerable heterogeneity in the effects of explanatory variable along the entire distribution of the outcome variable 31, 46 . The cross-sectional nature of the data makes it difficult to attribute causation, and is a limitation worth mentioning. The conclusions in the paper are therefore interpreted as mere associations between the predictor variables and the outcome variables. Also, due to data limitation, we could not examine other important drivers such as genetic predisposition, family history of BP, low birth weight, smoking (only 5 cases, representing 0.05% of the total sample), alcohol consumption, and air pollution. Nevertheless, since it is almost impossible to control for all factors in a cross sectional study such as this, we are confident that the results obtained herein are robust enough to contribute to the literature and intervention planning in this area of work.
Conclusion
This study employs quantile regression to estimate the effects of potential modifiable and non-modifiable drivers of systolic and diastolic BP among urban and rural women. The effects of the putative drivers on BP in urban and rural settings are similar. Women BMI has positive and significant effect on women BP in at least three quantiles in both urban and rural samples, with the largest effect occurring at the 75 th quantile, suggesting that women at this quantile are more likely to benefit more from a reduction in BMI than those at the lower end of the distribution. Systolic and diastolic BP increased with age, with the effect disproportionately accruing at the 90 th quantile in both urban and rural settings. Parity was inversely related to BP, with DBP and SBP decreasing with increasing parity. Women who were breastfeeding were found to have lower systolic and diastolic BP relative to those who were not breastfeeding, with largest reduction occurring at the 75 th quantile. This implies that interventions to promote breastfeeding may have more benefit for women BP control at the upper end of the conditional BP distribution.
Data availability statement. This study was a re-analysis of existing data that are publicly available from The DHS Program at http://dhsprogram.com/publications/publication-fr221-dhs-final-reports.cfm. Data
